Degradation and adsorption characteristics of PHB depolymerase as revealed by kinetics of mutant enzymes with amino acid substitution in substrate-binding domain.
Extracelluar Poly[(R)-3-hydroxybutyrate] (PHB) depolymerase (PhaZ(RpiT1)) from Ralstonia pickettii T1 adsorbs to PHB surface via its substrate-binding domain (SBD) to enhance PHB degradation. Our previous study combining PCR random mutagenesis with the determination of PHB degradation levels of mutant enzymes suggested that Ser, Tyr, Val, Ala, and Leu residues in SBD are probably involved in the enzymatic adsorption to and degradation of PHB. In the present study, the effects of mutations at Leu441, Tyr443, and Ser445 on PHB degradation were investigated because these residues were predicted to form a beta-sheet structure and orient in the same direction to interact possibly directly with the PHB surface. Purified L441H, Y443H, and S445C mutant enzymes were prepared, and their CD spectra and hydrolytic activities for water-soluble substrates were found to be identical to those of wild-type enzyme, indicating that these mutations have no influence on their structures and their ability to cleave the ester bond. In contrast, the PHB-degrading activity of these mutants differed from that of the wild type: L441H and Y443H enzymes had lower PHB-degrading activity than their wild-type counterpart, whereas S445C had higher activity. Kinetic analysis of PHB degradation by the mutants suggested that the hydrophobic residues at these positions are important for the enzyme adsorption to the PHB surface, and such substitutions as Y443H and S445C may more effectively disrupt the PHB surface to enhance the hydrolysis of PHB polymer chains than the wild-type enzyme. Surface plasmon resonance (SPR) analysis revealed that the three substitutions mentioned above altered the association phase rather than the dissociation phase in the enzyme adsorption to the polymer surface.